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摘 要 

















再结合至人抗体 IgG1 的恒定区，插入 pcDNA3.1 表达载体瞬时表达得到嵌合抗体
产物；通过 HI、ELISA、免疫荧光方法验证抗体具有活性。为了在短期内累积一
定的产物用于后续研究，我们选用 FLP-IN 定点整合表达系统，其 FRT 定点整合
的特点使抗体能够稳定高效表达，经过细胞筛选流程，我们现已获得三株稳定表
达细胞株，而且抗体的表达产量提高了 3-4 倍。在获得少量无血清培养的抗体纯
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高 8倍，但与此同时给抗体的纯化带来干扰，应该综合考虑抗体的纯度和得率来
决定 优方案；蛋白 A亲和层析法一直是抗体纯化的特异有效方式，我们摸索了
不同洗脱 PH 缓冲液，得到适合嵌合抗体纯化的洗脱 PH 值， 终纯度达到 95%，
得率在 90%。 
针对具有代表性的四株 H5N1 病毒的动物保护实验结果证明,在
Vietnam/1194/2005 感染后的第 1和 3天, 以及在 BH Goose/Qinghai/15c/ 2005
和 Shenzhen/406H/2006 感染后的第 1天, 13D4 嵌合抗体均有 100%的治疗效果。
而在 Indonesia/5/2005 感染后的第 1 天和 Shenzhen/406H/2006 感染后的第 3
天, 13D4 嵌合抗体的治疗效果欠佳。 
总之，通过以上方法我们成功构建了四株高致病性禽流感 H5N1 人-鼠嵌合抗
体，它们保留了亲本鼠抗的广谱中和活性，将降低治疗人感染疾病时的 HAMA 反
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Abstract 
The highly pathogenic avian influenza (HPAI) is a severe infectious disease caused by 
H5N1 virus. As the virus spread worldwide in recent years, the poultry industry has 
suffered large economic loss and the virus has broken the restriction of interspecies 
transmission to infect human. The current problem of H5N1 is the high mortality and 
the lacking of effective drugs. The pandemic virus strains with different antigenicity 
prevalence at the same period due to the persistent mutation. It is necessary to develop 
drugs of wide range to H5N1 to meet the need of long-term strategic reserve. 
 
Neutralizing antibodies is an effective way to control viral diseases. However, the 
neutralizing antibody to H5N1 has limit spectrum to a few strains because of the 
highly frequent mutation of virus genes, especially the hemagglutinin (HA) genes, 
which restricts the application of neutralizing antibodies. 
 
We has constructed a H5-specific antibody panel with hemagglutinin inhibition(HI) to 
41 strains of virus belonging to 10 clades and some of them had broad-spectrum 
protection  to mouse in vivo. In the paper, four strains of mouse antibodies 
designated as 4D1, 10F7, 8H5 and 13D4 with high activity in neutralizing assay are 
humanized to reduce the human anti-mouse antibody (HAMA) in therapy, which is 
fundamental to the clinical application. It is also expected to construct a platform for 
therapeutic antibody humanization including gene modification, construction of 
expressing vector, stable cell strain of highly expression, scale-up culture with 
serum-free and antibody purification. 
 
In our research, the variable genes were obtained from murine hybridoma cells by 
RT-PCR and combined with the constant region of human IgG1. The genes were then 
inserted into pcDNA3.1 to transiently expressing chimeric antibody. The activity was 
tested by HI, ELISA and Immunofluorescence. To accumulate the appropriate amount 
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express antibody with high efficiency by FRT targeted integration. After the screening 
procedure, we obtained several stable cell lines and the production of antibody 
increased 3-4 times.  
 
To fulfill the purification and scale-up production, we developed the CHO culture 
with serum-free system, including nutrient content in medium, roller bottle culture. 
We found that the addition of BSA could increase the production significantly, 
especially 3% BSA addition which could increase by 8 times but influenced the 
purification. The expression strategy could be optimized considering the purity and 
yield of antibody. The affinity chromatography by protein A was a specific and 
effective way for antibody purification. We explored eluting buffer with different pH 
and obtained the appropriate one with final purity of 95% and yield of 90%. 
 
To confirm the humanization and expression procedure had no influence on the 
activity of variable genes, the purified antibody from serum-free culture was tested by 
HI and neutralizing assay to several strains of H5N1 virus to test the broad-spectrum 
neutralization. The protection assay in mouse was performed to the 13D4cAb with 
broad-spectrum neutralization. It showed that the 13D4cAb had 100% therapeutic 
activity to 4 clades of virus.  
 
In summary, we successfully constructed four strains of chimeric antibodies to HPAI 
H5N1. They maintained the broad-spectrum neutralizing activity as murine antibodies 
and reduced the HAMA in therapy, which laid a foundation to antibody therapy for 
H5N1 infection. 
 
Key words: highly pathogenic avian influenza virus;  therapeutic antibody;     
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ABBREVIATION（缩略词） 
AI:    Avian Influenza   禽流感 
AIV:   Avian Influenza Virus  禽流感病毒 
ADCC: Antibody dependent cell-mediated cytoto 抗体依赖性细胞毒效应 
BSA:  Bovine serum albumin 牛血清白蛋白 
cAb:   Chimeric antibody 嵌合抗体 
CDC:  Complementdependent cytotoxicity 补体依赖细胞毒效应 
CDR:  Complementarity Determining Region,  抗原决定簇 
CH:   Constant Region of Heavy Chain,  重链恒定区 
CL:    Constant Region of Light Chain,  轻链恒定区 
ELISA: Enzyme-Linked ImmunoSorbant Assay,  酶联免疫吸附测定 
FR:    frame-work region 骨架区 
HA:   Hemagglutinin,  血凝素 
HACA: Human Anti-Chimeric Antibodies 人抗嵌合抗体抗体 
HI:    Haemagglutination Inhibition Test,  血凝抑制实验 
HPAIV: High pathogenic avian influenza virus,  高致病性禽流感病毒 
IFA:   Indirect immunofluorescent assay,  间接免疫荧光检测 
Ig:    Immunoglobulin 免疫球蛋白 
HRP:  Horseradish peroxidase 辣根过氧化物酶 
mAb:  Monoclonal antibody 单克隆抗体 
MAP:  Multiple antigen peptide,  多抗原肽 
NA:   Neurominidase,  神经氨酸酶 
RT-PCR:Reverse transcriptase PCR，反转录PCR 
SPA：Small Protein A,  小分子蛋白A 
WHO: World Health Organization,  世界卫生组织 
VH:  Variable Region of Heavy Chain,  重链可变区 














第一章  前 言 
- 1 - 
第一章 前言 







































第一章  前 言 





























Fig1-1. Affected areas with confirmed cases of H5N1 avian  














第一章  前 言 



















  Fig1-2. The structure of influenza virus 
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